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&ptroductLon t a  Pro b h .  Xn tbe study of aerodynamic phenomena, 

the addition of the dfntoaision %bm1$ t o  steady eusrodynamlco, ha8 enabled 

the kmestigator t o  emLne, theoretically, -such problem era transhnt 

and flutter.  This thesis i s l  c m o s m e d  w i t h  a pham af t h i s  broad aubjsot, 

speoft‘ioally with a type of flutter of a aontrol muface in potent ia l  

flow. To osierit the reader, there folloats a @nerd descr ip t ion  of thE, 

. I  

raaohaniam of flutter, 

Flutter is an osoillatory instabi l i ty  of a l t f t i ng  surfpBce, such a8 

an aimraft  wing or aontrol surface, which may result In distortion or 

destruction of the wing or aantrol aurf,‘nce. The energy far the mlntenanae 

of gayuth of w e  oscillations acmes only frm tb eierodynenfc a c t i o n  of 

groffth of Lift on a nFng aasockated with a ohange I n  angle of‘ attaak, a ’ 

follows. L i f t  irp direertly affected by the araount of bound circxlation 

prsaent on the dng, the amount of cjscuhtion Ls deterwlmd by the 

oondftlcrn (ternled %la Kutta condltion) that the  flow m w t  have the 8 W p  

trailing edc% ol” the akrfoll ar!oothly, with 118 infinite velocity. If thQ 



tb oontrol surfaue allomid‘to rrotata, It is to be e w c t e d  for  an 

under s,pecbl cond~t1on8, sIngle-dggeo-of-fmsdsn s,ystetn rmy he, of 

praot I c d  concern. 

gurmse of t t ~ n v e s t t ~ t t o n ,  It vas tb purpose of this’investkga- 

t t o n  t o  (1) explore OT show t he  existence of sLng’l.8-depe-of-fmedoii flutter 

of a control swfaoe based on potenthl  tficsory, and (2) t o  examine and 

present ths eff’eats of varLo& independent pa;ranrs.t;Esra suoii aa &@oh number, 

. I  

hpQrtnnae La dne In part to the Lnareasflnr,: s p e d  ranges, hJgher Qpratfng 
I 

1 .  

altitudes, and imusual confl,pmt Lons of modern aboraf’t. * .  
A h o a t  a11 act ivktv  in fliittQr reseal”al.1 has been focused or! the 

oouplrad tvp of flutLer and there axlstrs zn area of the f i e l d  that has 

not been fully exmhed. ThQ m a  bf the fteld is sLngle-de,gxwe-of-freedom 

flutter and, h partI.aular, sjnf;le-dope- of-freedm f lut ter  of a control 

surf ace 



4 

ths opinion that eepartated flu# l a  hvolmd. The mohbnlrsm of instability 

presented L.1 thha paper, however, should ppwtde a f'ramwcwk for a m a r e  

crpmplste study', 08811 though it ter not mcarrsarilg a aomplote axplanatlon 

4 
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.. .~ t  aayr be appropriate t o  msnbion that a s b n i h r  
torsional h8tabelSty i s  t k o r e t i c a l ~  hdiaated even in tb 
sub30tii0 (incompressible) cam . 

Thb appears to be the first tlnae, since 1929, that  the possjfiiility of 

tho axis of rotatlon and of the values of an inelrtsa parameter for  oohioh . 
1 .  

the oscllhtLons a m  indhkted, Smile: states in  his  coneluslono thak 

... The exbtenae of t h b  t y p  of instability would not be pre- 
dtcted by paeudo-st;atic aorodynwio forces now aan;wonw emplopd 
in iBirplane etabkllty analy8Ls. 
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a sprbg, m ~ s ,  daah2ot system of Ft;* l(a) may be dsterm-d ircm 

rdtrwtonts setlond ls~r m d v = ~ F  MI 
d t  I 

I YQ* 1 &it b i ( +  k 'X=o  
* ,  I 

whare m i s  tha masa of t f re wstaa8, x ia the djsplaotarnent from an 

equfIibr5wa posStlon (the dot slgnifiw-j diff'ercsnth6ion with respeut t o  

time), d 

or sprinsr constant Ths solut ton to equatLon 1 may be put Ln the f orrn 

18 the eoQffioPQnt of datnphg, and k' l a  the structural  restraint 



' syrstoms.) T b  ndion of the mm rn' h t b n  seen t o  5e'depnden.l; on 

the sign of the dmp2ng -ooefflcSmt d If d Pa B poaittve quantity, 

d 

M Ae' I 

6, 

-&--& V 



10 

rata* 5nly about the axis of rotation a . The angular rotati.cn of tihe 

wing frm an equ3-librlura eonditioa b denoted by m , and t b  5prZng 

Eq. 4 



the air  force coeffigb-ents for f l u t t e r  are not preean.t;etd i n  the form of 

the coef t 'k lcn ts  A ,  , A, 

m m n C  .& i s  presented. Equation 4 tken  be written a8 

and A, , Iit7.t sat,mr t l u :  to ta l  a@rodymmLc 

+ c ,  w -  
I 



. 
where 

I 
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Tblb Clutter of a oontrol surfaos Ln an Wompreaalble f lu id  1s treated 

- ii.! t h b  ahapter. Tfre u0at;rol surface with wlco s tmtura l  damping l a  

- -  

wl l sre  I@ ;ts the m s a  mment of Lnertia of the o o n t r o l  surface about 

, tie hinge line c, the f luid density, k ( =  b* 0- ) the reduoed frequency, . 
b3 "bodore Theodorsen, Bnerral Theory of Aerodynomiu InstabLlUiy an4 

the MC9ClWISam of Flutiter, XACA Report No, 498 (Superintendent of Dbuumnte, 
Rash. D&,) 



1 

% h i o h 6 8  to a line. Conmqubntly, Chs effeot of control surface ahape Le 

not taken into amount. 
’ The noa-trivial eolut ion of equat ion 9 for. 3 ,= 0 ia 



. 17 

an outd-phaee moment on the control. eurface, posi the  values of orf.,%ch 

indSaata a damped OT atable system, while negative quantJ.ties indicate an 
. 

undamprtd or driving r n w n t .  If Ibr = 0, a borderlhe oondlt lon exists 

betmen damped and undamped osoll latlms; and t h b  l a  the condition 

usually sought in flutter analysis. .Tb equation Rbp= 0 is the Lnphaers 

nramsjnt from whiah tihe frequency of the a a o i l l a t f o n  and the fbtter speed 

. 



and where L ~ Q  i coefficients aw futictions only of the control mrfnco 

hhge  Bocntion (I, These coeffiaients -* tabulated in the Technical 

Report by Yimoodorsleri 1 3 .  . 
l lavtn~ determined the frequency of' oacf l la t lon,  tho fliitter spmd - 

parmetar V ~ L U  is obtained frm the equation 

a 

m. Calculatifcms based on t k r e  above squatkorw itam been :ade 

for various locations of ths control. surfeae, -5.8 of rdatiori. The 

increases t o  550 (Pig, Sd) fo r  o = -1, correspoF$fing to 8 w f ~ g  osoL1latLng 

about i t 3  loading edge. A s l ight  inusease i n  J,/rrpb+ beyonri the vortical 

asymptote would rOSUlt l n  8 very r ap id  decrease hi the fliittor s p e d .  For 

values of ~p / iR rcP  apymching infinity,  v/bd9 approaobs a value equal 
- 

13 'l'heodore Ttieodoraen, a. a. 
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(a) u = 0.8 

Figure).-'Plot or  f lut ter  rpeed parameter t againrt an w inertia perameter '-$ ' p  ror rariour axer of rotation of 
v b  a aontrol surraee in incompressible flow. 
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of osci lLi t ion xfll apmaah tis nat:;LPnL frequenag of tk syston for 

Large values of the inertia parameter. 

O 8 C i . 3 . h f 5 i O n  oecwt i~  a t  a conatant vatie of ~ / b w  

Xt should be noted tbat the, 

aonwquerhly, t& 

axis of ro ta t ion  of tho control. mrfaca. 

On FPg. 6, $he rnhht?~~~ value of the %north parameter (vertita1 

asymptote) a t  siiioh tha osclllatZan could occur Lo plotted against control 

surfetoe a x i n  of rotation. TM vshw of t'm Lnert4.a p r a m t e r  tncreesea 88 

tho al10ron tic, shord ratlo'$tXtmarsea, Thfs plot ;Imr nf pwbicf lbr eLgnlfhnPncre 

with regard to the zero struatural reatraht ca88 ( u p =  0 ) .  

I '  

If equation 4 

I fs 5n'verted t o  obtain 



.. 

_ _  

Figure 4 .- Plot ot  f l u t t e r  trequenog r a t i o  against  an 
i n e r t i a  pammetor .+. ror various axar of ro ta t lon  or a 

oontrol 8urt.ae In l n O O ~ p ~ ~ 8 8 l b h  flow. 
v b 
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- -  
ligure 6 .- P l o t  of aoymptotlo value of inertia panmeter 

IP a g a i n a t  i o n t r o l  i w r a o e  ax la  or rotation o tor 7.p;bv 
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than be dstermirmad for a glmn value of g,  . 
T b  resulte of canputation for one locatLon of fha axis of RgWtq. 

rutation d I: .7 &we presented in Fig. 8 and F%ge 9. On Ffg. 8, the flutter 

apead prtmetdr v / b w ~  Lsr plotted agahaf the lner%h parmeter. 'pbs 

effreat af d a p -  is appreolable and Sllustrakas one mthod that oould be 
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noted that flu%ter does not occur a t  a constant value of the hductad 

speed v / b d ,  a8 wa8 the situation far the %em h p l n g  cam. A t a b b  of 

t b  v a h e  of v/bwand her%i;k pnramtiz‘ is s h m  in Table I for B = .7. . 

Values of Reduded VeZoclty l/k for Various Values 
of Inertia i’aranuatar and Damping 

Tis effeot of aarodgasrario balanae is preeenttsd 3.n thLe motion. The 

F i g .  10 

C o n t r o l  Surface wlth AerodynamLa Balwnacr 



Wi briun: EauatBonc Tb m m n t s  aad force0 on a system ae shorn in 

FLg. 10 hum been derimd by Theodoraen and Oafiiok". The calculation . 

and tlm frequency Ls determined f r o m  

I 
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f iguratian, s ~ m e  apWoxbt%on m u s t  be made for &tis d 8 b r m b t l o n .  

Theodoram and Qarriak glve an csquabion for an atrerage aileron a8 indioated 

0' - 0  = &6 ( e - 0 )  

- _  
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emfftclants ia 



aerodynamic m m n t  on the eriluron due t o  aebron motion is 

and the summation of mcrmsnt about the aileron hinge l ine gives 

- T h e  problem a@n fa t o  find ffra value of ‘l/k at; a given Mach number 

that would satlsfy the equation 
* 

H(j = 0 

, 



4 1  

llikere N5 w a  dbtcsnnhmd in D b  w e  manner a8 the value of l/k o#is found 

from aroas plotting. 

T'ha resu l t s  of the calculatfons are presented %n P i g .  Ls, 14, and 

U. fn Fig, 13, fib flu%ter opwd parameter le  plotted against the inertia 

parameter fox )8= 0, M = .7 an8 E = U/9. The c-8 for M = .7 and = Lo/9 

are 8 h d . b  to the a m  far M = 0, emept that the stable range of the 

LnsrtLa parmeter b greatly reduced as the Yaah number l.8 Lncmased. 

Another effeat of campressibill.ty is a large reduction in the valw of 

the redwed relooltg l/k. 

In Fig .  14, the frequency ratio l~ plotted aminst the Lnertisr 

parameter for three biarah numbers M = 0, U = ,$and Y = U/9, The najor 

effect of compreesLb91itg I s  t o  reduce the stable cmge'of the inertla 

parameter. 

A 8LgnlfLcant plot may be made if the asymptotic value of the inertia 

parameter is plotted agahst  Maoh nuznber a8 s h m  

re la t ion  bebwen the inertia parameter and U o h  number ka linear, and the, 

FU. 15. T b  

region to the right and above the o w e  58 the unstable m a .  This plot 

would apply, 5.n particular, t o  a control aurface without elasth mstre5.nt 

(4= 0 ) .  Ttmrefore, an aileron that is stable at low h o h  numbem, 

oould baaoms unstabls In the high subaonio or loorer supersonic range. 

These  calculations have beell based on potential  flow, with no con- 
# 

I 

aMeratFon of separated flow phsnomne. Aocordingly, lt 'is not expected 

*hat flutter speeds will be found aorre8pndh-g elta0tl.y t o  arry found - 
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rrp b4 Figure 15..- Aaymptotic value of inertia parameter 

1 agalnat Mach number for one axis of rotation 0=.7 
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I. S@&%RY 

The tboreticoal posslbLlftg of singlo-deCp.ee-of-frttedoat gi tchhg 

osoillations of a wing batmi on potential flow hats 

IX, Chapter I) for some %b.. fimver, corresponding studtas of shgb- 

degree-of-fmedom flutter of control aurfauer have not ben made. Thir 

known (me s o t i o n  

* 
present paper demonstrates by theoretical oaloulattona, that  e-le -degree - 

Tla following conuluatone may &e enumerated: - 
1, SLngb-&gp.ee-of-freedom flutter of a oontrol surfaoe is 

prssdictcld by potential flw theory. 

2. FluOtCpr of a oosltrol. surfaoe of present day ar5reraf% a6 law 

&oh numbers and low altitude6 rould not be 1Wly t o  ooaw. 

3. FI3kttier of B amtrol starface is more probablrb for B cJonf%gtkration 

qeratLng st hlgh subeonb or 1m eupersonia apeeda than at low 

aped8 . 
, 



4. 

5. 

0 

6.  

7. 

47 , 

This type of oeclllsltory lnstabllity i s  g rea tb  lnfLucnoed 

by an h e r t l a  petramsterr Ip/ipb*, ana sinob t h i s  parameter i s  

5.mmraely proportbnal  to f111Ld denslty, an lncreaee'tn eltit- 

eould nake 8 control surface that m8 stable at  low dtitude8, 

watabls at high alt itudas. 

Struotural dampbg has a beneflclal  effeot, s%me U ralses the 

f lutter apeed apmm5abl.y. The u8e of structural damping wary 

be a aonvenient method of elLmLmt5.ng flutter.  

The sacil lation ls atil.1 poasI$b if  %he eontrol surPaoe SS 

* 
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F arid G 

far fi control eurfaae 
. .  

axis of ro ta t  ion loaatfon ~ b l  P wtng 

'ooing half chord, feet .r 

control surfaas h%r@ a x b  locofiton, masured fma 

midchord, based on half chord and positive aft, -far 

oontrol' surfam, measured from mWkord,,barred OIZ 

half chord, and positive aft. 

torsional atLffnesa of wing about axis of ro tat ion 

control surface, waerured froin m i d c h o r d ,  based on 



fa  

k 

k' 

z 

, 

mass mornent of inor t ia  ot' control surface at;oitt hinge 

hphaee aerodwmmic mrrt on control siwface, 

oontrol surface coeff i o k a t s  

tfns 

flutter vcslocity, f i e  per YOC. 

displacement of nass frank aquilLtJrium position 

angular &f h o t  ion of wtng from equ2lLbrfun posit ion 

control surface rotation, neas?tred from wing chard, radians 

f l u i d  density, sluo~-~ !3er OU. ft, 
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